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却显著提高了布氏双尾藻休眠孢子的形成率。在研究结束时，高 CO2 浓度组 
(High CO2， HC) 和低 CO2 浓度组 (Low CO2， LC) 的总细胞密度均达到约 2500 
cells mL-1，但 HC 组休眠孢子形成率为 52.4%，LC 组休眠孢子形成率为 26.8%，
HC 组约为 LC 组的 2 倍。结果表明，氮限制条件下，海洋酸化可以显著促进布
氏双尾藻休眠孢子的形成。 
⑵海洋酸化促进布氏双尾藻对氮的吸收和同化，并进一步改变了 POC
（Particulate Organic Carbon, POC）、PON (Particulate Organic Nitrogen, PON) 及
POC/PON 值，可以分为 2 个阶段，第一阶段为第 0 天至第 2 天，HC 组对氮的
吸收和同化强于LC组，表现为培养基中N浓度较低，细胞内较高的 POC和 PON，
POC/PON 值无显著差异。第二阶段为第 3 天至第 7 天，LC 和 HC 组培养基中的


















⑶ 氮限制条件下，海洋酸化导致布氏双尾藻胞内 PON 的分配改变，第 4
天和第 7 天可以代表两个不同阶段。第 4 天为第一阶段，既氮限制初期，HC 组
与 LC 组 PON 含量无显著差异，但 HC 组蛋白质和氨基酸含量都低于 LC 组。说
明 HC 组中存在于蛋白和氨基酸以外的有机氮高于 LC 组。可能的推测是，参与
基因表达调控所需的碱基等含氮物质。第 7 天为第二阶段，既一段时间的氮限制
后，HC 组 PON 含量显著低于 LC 组，但是其蛋白质和氨基酸含量均高于 LC 组。
说明 HC 组的 PON 更多分配在蛋白质和氨基酸中。可能是又将 PON 调回蛋白和
氨基酸中，参与下游代谢调控。因此，酸化条件下，布氏双尾藻胞内 PON 的分
配将不同于现有 CO2 条件下。  
⑷ 氮限制条件下，海洋酸化对布氏双尾藻的生长、光合、糖含量、脂肪酸




































The marine environment is facing a variety of changes, such as ocean 
acidification, warming, UV radiation and stratification enhancement, etc, which will 
have important impacts on phytoplankton, zooplankton and the ecological 
environment in the ocean. Ocean acidification has recently received a lot of attention, 
the increase of CO2 concentration and the decrease of pH in seawater will have direct 
and indirect effects on the primary productivity of marine phytoplankton. Diatom is 
an important component of marine phytoplankton, which contributes c. 40% of the 
total primary productivity in marine ecosystem. At the same time, diatom is an 
important vector of marine material cycle. Resting stage is an important phase in the 
life cycle of some diatoms, since it is related to the survival and development of 
diatom populations. Studies focus on the effects of ocean acidification on the 
physiological characteristics of phytoplankton has been widely carried out. However, 
we still have a lack of understanding of the effects of ocean acidification on diatom 
resting spore. 
Therefore, in this study, we chose the diatom, D.brightwellii, as experimental 
objective and established the ocean acidification cultural condition based on 
laboratorial culture system. Then, combined with nitrogen limitation, we measured 
the effects of ocean acidification and nitrogen limitation on the growth, 
photosynthesis, resting spore formation, elemental composition and biochemical 
composition, etc. This thesis analyzes the reason that ocean acidification increase the 
formation of resting spores under nitrogen limitation, and the ecological significance 
of these concomitant results. The main results of this study are as follow: 
⑴ Under nitrogen limitation, ocean acidification had no significant effects on 
the total cell density, but significantly increased the formation of resting spores. At the 
end of study, total cell densities of the high CO2 group (HC) and low CO2 group (LC) 
both reached about 2500 cells mL-1, but resting spore formation rate of HC and LC 
















significantly increase the formation of resting spore under nitrogen limitation. 
⑵ Ocean acidification promoted the absorption and assimilation of nitrogen in 
D.brightwellii, and further changed POC, PON and POC/PON. There were 2 stages in 
culture period, the first stage was from day 0 to day 2, absorption and assimilation of 
nitrogen in HC was stronger than that of LC. Compared to LC, HC cultures had lower 
nitrogen concentration, high POC and PON, and no significant differences in 
POC/PON. The second stage was from day 3 to day 7, nitrogen concentration of LC 
and HC were kept at a low level, and the difference of PON was not significant, but 
the POC and POC/PON of HC was higher than LC. Therefore, the enhancement of 
nitrogen stress (higher POC/PON) may be the main reason for the increase of resting 
spore formation under HC condition. 
⑶ Under nitrogen limitation, ocean acidification changed the distribution of 
intracellular PON in D.brightwellii. During the culture time, Day 4 and Day 7 could 
represent two different stages. On day 4, the first stage, the early phase of nitrogen 
limitation, PON of HC and LC were not significantly different, but the protein and 
amino acids content of HC was lower than that of LC. It showed that the part of 
organic nitrogen, except protein and amino acids, of HC was higher than that in LC. It 
may be speculated that this part of organic nitrogen was involved in the regulation and 
expression of genes. On day 7, the second stage, after a period of nitrogen limitation, 
PON in HC was significantly lower than that in LC, but the content of protein and 
amino acids in HC was higher than that in LC. These results showed that organic 
nitrogen of HC was distributed more in protein and amino acids. A part of organic 
nitrogen may be transferred back to protein and amino acids to take part in 
downstream metabolism. Therefore, the distribution of intracellular PON in the 
D.brightwellii under ocean acidification was different from that under the current CO2 
condition. 
⑷ Under nitrogen limitation, the effects of ocean acidification on the growth, 
photosynthesis, carbonhydrate and fatty acid composition in D.brightwellii were not 
significant. In this study, Chl a content, Fv/Fm, carbonhydrate and fatty acid 
















nitrogen limitation, ocean acidification mainly through enhancing nitrogen stress to 
affect nitrogen metabolism in D.brightwellii and increases resting spore formation 
rate, but the effects on physiological characteristics of resting spores itself and its 
carbon metabolism were not significant. 


















Fv/Fm Maximum quantum yield 最大量子产量 
CCMs CO2 concentrating mechanisms 二氧化碳浓缩机制 
Chl Chlorophyll 叶绿素 
POC Particle organic carbon 颗粒有机碳 
PON Particle organic nitrogen 颗粒有机氮 
LC Low carbon dioxide level 低 CO2  
HC High carbon dioxide level 高 CO2  
RubisCOs Ribulose bisphosphate carboxylase oxygenase 核酮糖-1,5-二磷酸羧化酶 
CA Carbonic Anhydrase 碳酸酐酶 
DIN Dissolve inorganic nitrogen 溶解无机氮 
GRR Growth rate response 生长速率响应 
NR Nitrate reductase 硝酸还原酶 
HPLC High Performance Liquid Chromatography 高效液相色谱 
GS Glutamine Synthase 谷氨酰胺合成酶 
GOGAT Glutamine-Oxoglutarate Aminotransferase 谷氨酸合成酶 
ESAW Enriched Seawater, Artificial Water 人工海水 
Ala Alanine 丙氨酸 
Arg Arginine 精氨酸 
Asn Asparagine 天冬酰胺 
Asp Aspartic acid 天冬氨酸 
Cys Cysteine 半胱氨酸 
Glu Glutamic acid 谷氨酸 
Gln Glutamine 谷氨酰胺 
Gly Glycine 甘氨酸 
His Histidine 组氨酸 
Ile Isoleucine 异亮氨酸 
Leu Leucine 亮氨酸 
Lys Lysine 赖氨酸 
Met Methionine 蛋氨酸 
Phe Phenylalanine 苯丙氨酸 
Pro Proline 脯氨酸 
Ser Serine 丝氨酸 
Thr Threonine 苏氨酸 
Trp Tryptophan 色氨酸 
Tyr Tyrosine 酪氨酸 






















造成海水 CO2 浓度升高，CO32- 浓度降低，表层海水 pH 下降的现象既为“海洋
酸化（Ocean Acidification）”[2]。人类进入工业革命以来，大量开采和使用化石
燃料，砍伐森林，进行工业化生产。化石燃料的燃烧和土地的去植被化加速了
CO2 的排放，人类 CO2的排放量是自然界的大约 100 倍[3]。大气中 CO2 的含量从
工业革命前的280 ppm升高至现在的400 ppm[4, 5]，预计在2100年将达到800-1000 
ppm[5, 6]。 
海洋占据地球表面积约 70%，成为良好的大气 CO2 接收器，每年大约吸收
16 亿吨碳[7]，人类排放的 CO2 大约有三分之一被海洋吸收[8]。大气中的 CO2 溶于
海水后会发生一系列的化学变化，具体反映过程如下[9]： 
CO2 (大气) ⇋ CO2 (海水) 
CO2(海水) + H2O ⇋ H+ (海水) + HCO3- (海水) 
HCO3- (海水) ⇋ H+ (海水) + CO32- (海水) 
CO2 溶于海水后可以与水结合形成碳酸（H2CO3），碳酸可以解离产生 H+。
CO2、 HCO3- 及 CO32- 既为无机碳在海水中主要的三种存在形式，其中 CO2 不
到 1%，HCO3- 约占 90%，CO32- 约占 9%。从上式可见，大量 CO2 溶于海水会导
致海水中 H+ 和 HCO3- 浓度上升，同时 CO32- 浓度下降。H+ 浓度上升导致海水
pH 下降。正常情况下，海洋可以通过自身调节能力缓冲表层海水 pH 变化，但
是当前海水 CO2 的增加速率远远超过海洋的调节能力，因此将导致海水 pH 不断
降低，并且此过程不可逆[10]。工业革命前海水 pH 为 8.2，工业革命结束时海水
pH 已下降到 8.1，预计本世纪结束时，海水 pH 将会再下降 0.3 达到 7.8[11-13]。这
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